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Research in farm machinery 
By I. Grevis-James* 
Agriculture is still Australia's top 
export-earning industry. The 
efficiency and potential of Australia 
agriculture is vitally dependent upon 
large-scale use of farm machinery. 
Given this situation, the level of 
research in farm machinery is 
surprisingly low. 
Machinery used, in broad acre 
farming is almost wholly based on 
overseas research and development, 
and unless there is a dramatic 
change, this situation will continue 
or possibly worsen. This is 
undesirable for two important 
reasons. Firstly we are deprived of 
the employment opportunities of 
farm machinery manufacture based 
on local research. Secondly 
imported machinery or technology 
does not always meet local needs. 
The current problem of tractor 
unreliability is an example. 
The number of people doing 
research or extension on broad acre 
farm machinery is small. In public 
organisations there is about 20 
people and even adding those from 
private organisations the number 
would still be less than 40. 
Most current research in farm 
machinery is directed towards 
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modifying or improving existing 
equipment or techniques. There is 
little or no work proposing or 
evaluating entirely new concepts, 
probably a result of the limited 
research resources available. 
This article discusses current 
research in farm machinery. It 
mainly relates to those organisations 
traditionally involved with 
agricultural engineering research. 
Research not related to broad area 
farming has been excluded, and 
future research discussed is based 
only on a personal view. 
Tillage and seedbed preparation 
Current work by the New South 
Wales Department of Agriculture 
aims at predicting the number of 
days available for tillage, based on 
soil properties and weather records. 
The results will help calculate the 
size of equipment needed to work a 
given area. 
Related work at Queensland 
Agricultural College is aimed at 
establishing the cost of having too 
little or too much equipment 
capacity. However, it will be several 
years before enough information is 
available to select machinery size on 
the basis of these techniques. 
Performance of tillage machinery 
Several projects on tillage 
machinery performance are current 
or will start shortly. At Condobolin, 
the New South Wales Department 
of Agriculture has started to 
investigate the effects of speed, 
depth, soil condition, and tillage 
tool type and pitch, on machine 
draft and weed kill. Experiments 
using single tines and complete 
machines are planned. The data 
gathered will be used to investigate 
ways of reducing the energy input 
into tillage for wheat farming. 
The Victorian Department of 
Agriculture and the University of 
Melbourne have begun to collect 
data on the typical operation of 
tractors and field machinery. The 
data will be used to help select and 
match tractors and implements. 
A similar but smaller project has 
also started by the Queensland 
Department of Primary Industries. 
Owing to the differences in soils it is 
expected that the two projects will 
produce quite different results. 
The CSIRO Division of Mechanical 
Engineering is investigating the 
effect of speed on pull for a number 
of different tillage implements. This 
may mean that the cost advantages 
of higher speeds will outweigh any 
disadvantages. 
Components of tillage machines 
Wear of tillage tools costs the grain 
growing industry several millions of 
dollars a year. The New South 
Wales Department of Agriculture 
has investigated various hard-facing 
treatments for tillage tools. 
Although some treatments can 
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greatly reduce wear, these 
treatments result in no overall cost 
savings. 
The effect of speed of operation on 
tool wear is being studied by 
CSIRO, Division of Mechanical 
Engineering, and this has shown the 
same wear performance at high and 
low speeds. 
The stump-jump mechanism is a 
vital component on tillage 
equipment. Unfortunately, many 
machines are far from ideal in terms 
of machine protection. A project 
has recently begun at the University 
of New South Wales aimed at 
improving the characteristics of the 
stump-jump mechanism for chisel 
ploughs. 
Reduced tillage studies 
Many experiments in reduced tillage 
are being done throughout the 
country. This has been prompted by 
needs for reducing costs, reducing 
fuel usage or reducing erosion. The 
experiments are too many to be 
dealt with here, and at this stage 
most of the work is concerned with 
agronomic aspects using normal or 
slightly modified tillage machinery. 
Tillage and seedbed preparation 
Current conventional tillage 
equipment suffers from a short life 
and excessive time loss in 
replacement, failure in rough 
conditions and lack of flexibility in 
width to allow load adjustment to 
suit the tractor, I see these three 
shortcoming as being worthy of 
future research work. The first two 
problems may be overcome as an 
outcome of the work in progress. 
Methods of reducing implement pull 
must be investigated in the future. 
Even a modest reduction will be 
very significant. In the United 
States, methods of tillage tool 
lubrication are close to the 
commercial stage. Perhaps there is 
scope for combining this technique 
with water injection and liquid 
fertilisation. 
No doubt the greatest potential 
research will be in reducing tillage. 
In some areas tillage equipment will 
have to be specially developed to 
suit the particular needs. 
Performance of air seeders 
The manufacture and use of air 
seeders has increased dramatically 
in the last few years. Unfortunately 
results with these machines have 
often been unsatisfactory, and this 
has prompted the New South Wales 
Department of Agriculture and the 
University of Melbourne to 
investigate the uniformity of seed 
and fertiliser distribution. 
Both research teams have studied air 
seeders using wheat and common 
fertilisers. The findings are 
substantially the same in that air 
seeders give poorer distribution than 
combine drill. The Melbourne 
University work however, has 
shown that simple modifications 
can improve air seeder performance 
over the combine drill, and these 
improvements should be appearing 
in new models. 
Performance of unit planters 
Unit planters are commonly used in 
northern New South Wales and 
Queensland for row planting 
summer crops. Machine widths are 
usually restricted by cost and 
complexity and as a result there is a 
temptation to increase the speed of 
travel. The Queensland Department 
of Primary Industries has been 
studying the effect of speed on the 
metering performance of a range of 
unit planters. 
This work has shown two faults in 
current equipment. Firstly, 
increased speed causes a dramatic 
decrease in metering accuracy, and 
secondly there are major 
performance differences between 
types of meter. The results of this 
work are being used in extension 
work related to row crop planting. 
Press wheels and seed placement 
The Queensland Department of 
Primary Industries is studying the 
effects of press wheels and seed 
placement on seed germination. 
Varying press wheel configurations 
and ground pressures are being 
studied together with a number of 
planting tines. So far all types of 
press wheel have markedly 
improved germination. 
Seeding and fertilising 
Research on seeding and fertilising 
in the near future may be restricted 
to refinements of current equipment 
including improved accuracy, 
quicker setting up and improved 
crop residue handling capability. 
The increasing application of zero 
tillage could demand more 
capability than existing equipment 
provides. 
Crop protection appears to be a 
rather neglected area of research. 
The University of Melbourne has 
investigated an electronic spray 
boom controller that would keep 
boom height constant despite 
ground irregularities. 
Primary Industries is looking at 
rotary atomiser nozzles for spray 
booms. These nozzles have the 
potential to increase speed of 
coverage, give better coverage (or 
use less chemical) and reduce the 
quantity of water required. 
Research and development by 
commercial firms has produced 
spray monitoring equipment that 
allows easier setting of spraying rate 
and delivers the correct rate 
irrespective of ground speed. 
The effectiveness of many 
herbicides and insecticides and 
could be improved if delivery 
techniques were more effective. This 
would also allow a reduction in the 
quantity of chemical required for 
effective control. New or improved 
delivery systems are needed but the 
research effort involved in satisfying 
this need is probably beyond the 
resources of Australia. 
Harvesting 
Harvesting from the time of crop 
maturity through to delivery is being 
studied at Melbourne University 
using computers. The method relies 
on a range of of inputs including 
detailed weather records, to predict 
the progress of harvest. Changes in 
harvesting or handling capacity can 
be predicted thus providing a better 
basis upon which to make decisions. 
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Axial flow headers 
Axial flow headers have the 
potential to increase harvest rates, 
reduce crop losses and reduce crop 
damage. The CS1RO Division of 
Mechanical Engineering is 
evaluating the effect of axial flow 
headers on grain quality. 
Temporary grain storage 
Last year's record harvest 
highlighted the need for some form 
of cheap temporary storage for 
grain. CSIRO and some State 
Wheat Boards are actively 
investigating the provision of 
underground storage. 
Future research on harvesting and 
grain drying 
Grain loss monitors are standard on 
many modern headers. The newer 
equipment displays losses on an area 
basis which is more useful than the 
earlier models that were related to 
time. However these monitors need 
further refinement to display losses 
as a percentage of crop yield. This 
will allow on-the-spot decisions on 
harvest speed and losses. 
Grain drying allows an earlier 
harvest and reduced losses while 
maintaining grain quality. Drying 
depends upon cheap fuel to be 
economically viable, and fuel costs 
may limit the application. However, 
much could be done to improve the 
efficiency of equipment and this 
should be attempted. Natural air 
drying could also be made more 
effective through the development 
of improved fan controllers. 
Several surveys on farm machinery 
are in progress or soon to begin. 
Besides generating data for use in 
extension work, these surveys may 
highlight subjects requiring further 
investigation. The workstudy done 
in 1977 by the Kondinin and District 
Farm Improvement Group is an 
excellent example of information 
that can be gained from surveys. 
The unreliability of many modern 
tractors has prompted the 
Queensland Agricultural College to 
survey the problem. The method 
involves measurements on failed 
and unfailed tractors of the same 
make and model to relate tractor 
loading to failures. Measurements 
are made of drawbar pull, wheel slip 
and tractor weight. 
At least two surveys on machinery 
use and costs will be done by the 
Queensland Department of Primary 
Industries in the South Burnett 
region, a predominantly summer 
crop area, and the Darling Downs, 
mainly wheat and sorghum. 
Information from these surveys will 
update machinery costing data, 
estimate fuel usage for various 
crops, relate machine capacity to 
crop area, relate implement and 
tractor sizes, and establish typical 
working rates. 
Electronics in agriculture 
One aspect of farm machinery 
research and development that is 
booming is the application and use 
of electronics. Most research on this 
subject is done by overseas 
companies. One result of this work 
is the increasing use of monitors on 
grain harvesters and planting 
machines. 
The only known research of this 
type being done in Australia is the 
development of a Power Monitor by 
the Queensland Department of 
Primary Industries. This instrument 
is being developed for fitting to 
tractors using trailed implements. 
Ground speed, drawbar pull, 
drawbar power and wheel slip are 
displayed. The application of the 
monitor is both to help with 
management of existing equipment 
and as an aid for machinery and 
tractor selection. The second 
generation prototype has been in 
field use for a number of months, 
and should be offered to private 
enterprise during 1980. 
Modern solid-state electronic 
equipment can be used to monitor 
and control equipment reliably, 
accurately and at low cost. It will 
operate in harsh environments and 
running costs are generally low. 
The range of potential application is 
enormous and the advent of the 
microprocessor — a computer on a 
chip — has extended the range even 
further. Some possible applications 
for the future are listed below. Most 
..could be designed with existing 
technology; the more distant future 
could see far more exotic 
applications. 
. Active planting monitor. A 
planting monitor where the desired 
planting rate (in seeds/hectare) 
could be entered and the monitor 
would then control the seed 
metering unit to give the correct 
rate. Germination percentage could 
also be entered and accounted for. 
A similar technique could be applied 
to fertiliser. 
. Tractor fuel recorder. This is a 
device that would totalise tractor 
fuel consumption until reset. It 
would allow the operator to keep a 
close check on overall fuel 
consumption. 
. Active grain loss monitors. 
Header ground speed and 
component settings would be 
controlled by such a monitor after 
being programmed to a particular 
loss level. 
• Wheel slip controller. Tractor 
wheel slip level could be kept at a 
fixed level despite load fluctuations, 
using a weight transfer hitch 
controlled by a wheel slip sensor. 
• Grain drying controllers. Drying 
of grain to a designated moisture 
content with minimum energy input 
within a stated time would be 
possible with an electronic 
controller that took account of 
weather conditions. 
Conclusion 
For the broad acre farmer, possibly 
the two most worrying aspects of 
grain farming, apart from the 
weather and crop prices, are 
machinery reliability and liquid fuel 
supplies. Either a major breakdown 
or a fuel shortage could lead to a 
financial disaster for the individual 
farmer. I believe that these two 
areas deserve more emphasis in 
research. Topics in this article may 
help determine the level of 
profitability but they may well be 
overwhelmed by the effects of 
reliability and fuel supply. 
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